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9LETTER TO THE EDITOR
haracterizing Donor-Derived Cells
n Nonhematopoietic Tissue
l
t
m
n
w
t
d
tThe concept that adult stem cells harvested
rom marrow may differentiate into both hemato-
oietic and nonhematopoietic tissues is appealing
nd, if true, would have signiﬁcant therapeutic po-
ential. Numerous reports documenting adult stem
ell plasticity have been published in the last de-
ade, in which authors reported differentiation of
one marrow stem cells into muscle, nerve, liver,
igure 1. Liver and intestinal sections from a female patient who rec
mmunohistochemistry for the CD45 antigen and FISH for sex chro
D45. (B) A photomicrograph of a combined ﬂuorescence and stan
he Y chromosome (green signal) and immunostaining for CD45 (b
ntestinal section from the same patient. (D) Combined standard li
ells that have a Y signal are positive for CD45, indicating that these cells
90ung, and intestinal epithelium [1-7]. The data in
hese reports were obtained primarily from sex-
ismatched transplantation studies in which immu-
ohistochemistry (IHC) for tissue-speciﬁc antigens
as combined with ﬂuorescence in situ hybridiza-
ion (FISH) for sex chromatin to identify donor-
erived cells in nonhematopoietic tissues. However,
he validity of these ﬁndings has remained contro-
allogeneic stem cell transplantation from a male donor. Combined
were performed on each section. (A) A section of liver stained with
ht exposure of the same section to simultaneously reveal FISH for
ecipitate). (C) FISH for sex chromatin (X in red; Y in green) in an
roscopy and ﬂuorescence showing immunostaining for CD45. Alleived an
matin
dard lig
lack pr
ght micare in the hematopoietic lineage.
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Letter to the Editor 991ersial, for several reasons. First, the frequency of
hese events is extremely low, often within or close
o FISH background levels. Second, several reports
ttribute donor sex chromatin in nonhematopoietic
issue to cell fusion rather than to transdifferentia-
ion [8,9]. Finally, none of the studies to date has
sed staining techniques that deﬁnitively rule out
he association of the donor signal with a hemato-
oietic marker. Instead, these studies have associ-
ted donor chromatin with markers speciﬁc for the
onhematopoietic tissue in which it was found.
iven, for example, the abundance of cytokeratin in
pithelium, this kind of association can be readily
bserved.
To address this controversy, we sought an ap-
roach that could unequivocally rule in or rule out the
ematopoietic origin of donor cells. Toward that end,
e obtained liver and intestinal tissue from a female
atient at day 109 after allogeneic stem cell transplan-
ation from a male donor. We prepared slides and on
he same sections combined IHC for the CD45 anti-
en to distinguish cells derived from the hematopoi-
tic lineage and FISH for X and Y chromatin to
istinguish between donor and host. We counted 200
uclei under high power and noted that the donor
igure 2. Combined immunohistochemistry for the CD45 antigen
A) Two cells in the ﬁeld have Y signals (green). One of these cells
ther cell has 2 X signals (red) and 1 Y signal and represents a fusio
ue to sectioning through different planes.hromatin signal was, with few exceptions, always as-ociated with CD45. We found similar ﬁndings in
issues of 2 other females who had also undergone
ex-mismatched transplantation (Figure 1). The only
xceptions were a few cells detected in liver sections
hat were CD45-negative and contained 2 X chromo-
omes and 1 Y chromosome, suggesting cell fusion
Figure 2). These observations, together with previous
tudies in which we found no evidence of donor-
erived stroma in patients at 0.15-27 years post–allo-
eneic marrow transplantation [10,11], call into ques-
ion the concept of a totipotent marrow stem cell.
uture studies designed to address this topic should
nclude IHC for CD45 to deﬁnitively determine
hether a donor signal is associated with a cell derived
rom the hematopoietic lineage.
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